This work presents the first phytochemical investigation of Geranium kikianum Kit Tan & G. Vold (Geraniaceae), a species endemic to the southern Peloponnese, Greece. The essential oil from aerial parts of the plant was isolated by hydrodistillation and its chemical composition characterized by GC-MS. A total of 26 compounds were identified, constituting 98.3% of the oil composition. Oxygenated sesquiterpenes were the main group of constituents (75.4%). The major component of the oil was the sesquiterpene ketone germacrone (45.6%). Eleven alcohols represented the most diverse chemical class in the volatile oil (36.3%), and phytol was the most abundant acyclic diterpene alcohol (11.4%). The volatile compounds and residual water remaining after hydrodistillation were screened for their radical-scavenging activity by the DPPH method. IC 50 values ranged from 0.2±0.03 mg/mL for the undiluted decoction to 69.7±0.5 mg/mL for the essential oil. The significant antioxidant activity of the residual water, comparable with that of the widespread synthetic antioxidant BHT (0.2±0.01 mg/mL), and almost tenfold higher than thymol (1.90 ± 0.04 mg/mL), correlates with a high content of total phenolic compounds (100.2±1.7 mg GAE/g), and flavonoids (11.9±1.2 mg GAE/g).
The genus Geranium L. (Geraniaceae) is represented by over 430 distinct species of annual, biennial, and perennial herbs, occasionally subshrubs, distributed mainly in mild-temperate regions of the northern hemisphere [1] . This genus is the largest one of the family Geraniaceae. Many taxa of the genus are well known ornamental plants due to their attractive flowers/leaves. A number of species from this genus are cultivated as medicinal plants, and extracts from the roots of some Geranium spp. are used in traditional medicine, tanning and dyeing. Recently, many articles about the composition, biological effects, and use in medicine, food-flavoring, perfumery, and cosmetics of extracts of Geranium taxa have been published [2a-e] . In general, the essential oil constituents of Geranium taxa have been poorly investigated, except for G. macrorrhizum, an ethnopharmacologically renowned species widely distributed in southern and central Europe, ranging from the southern Alps to southern Greece in the Balkan Peninsula [3a,b] . G. macrorrhizum is reputed for its wide range of medicinal properties. Some Balkan countries make use of both leaves and rhizomes of G. macrorrhizum mainly for their hypotensive, sedative, astringent, cardiotonic, and antiatheromatous effects [4] . This biological activity is due to its essential oil that makes this plant the most economically important species of Geranium.
G. kikianum, a closely related species to G. macrorrhizum, was described as a new species endemic to Greece [5] . However, no published reports of its chemical constituents can be found in the literature.
This work represents the first analysis of the volatile constituents of this endemic species. In addition, the aim of this study was to determine the antioxidant activity of the isolated essential oil, and the residual water retained after hydrodistillation; the latter has been examined for its content of total phenolics, and flavonoids.
The essential oil isolated by hydrodistillation from the aerial parts of G. kikianum was a light yellow color, easily solidifying, with a mild and pleasant scent. The percentage content of the essential oil, based on the dry weight of the plant material, was 0.71%. This yield was significantly higher than those for the oils from other Geranium species, such as G. macrorrhizum. The content of oil obtained from the herb of G. macrorrhizum varies from 0.02 to 0.13% depending on the plant's origin, and vegetative stage [6] Hydrodistilled oil from G. kikianum was subjected to detailed GC-MS analysis to determine its chemical composition. A total of twenty-six compounds were identified, constituting 98.3% of the oil composition. The list of the identified volatile constituents with their relative percentages, and retention indices, as well as their attribution to different compound classes is given in Table 1 .
The qualitative and quantitative composition of the G. kikianum essential oil revealed that it is typically sesquiterpenic (80.7%), while no monoterpene compounds was detected in the oil, not even in trace amounts. The dominant volatile class was oxygenated sesquiterpenes (75.4%). GC-MS analysis showed that the major constituent was a cyclic ketone germacrone (45.6%), following by other oxygenated sesquiterpenes. Elemane-type sesquiterpenoids amounted to 13.7% of the oil, elemol being the most abundant constituent of this type (8.6%), followed by trans--elemenone (4.2%), and -elemene (0.9%). One should be careful when considering the relative amount of compounds having an elemane skeleton since it is generally accepted that these are formed during a ) MS: Mass spectra from our own laboratory database.
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GC run as a consequence of thermal rearrangements of heatsensitive germacrone-type precursors with the conversion taking place in the injector port, as well as in the column [7] . It might be possible that the compounds in question (e.g. trans--elemenone and -elemene) are not exclusively native metabolites of germacrone-containing plants [8] .
The quantity of sesquiterpene alcohols, which represent the most diverse chemical class in G. kikianum oil, reached 24.9%, but three of the ten identified were present in trace amount. The most prominent alcohol and the third most abundant constituent was the tertiary alcohol elemol (8.6%). Phytol formed 11.3% of the total oil; this acyclic diterpene alcohol has not frequently been reported as an essential oil component, and was possibly formed by chlorophyll degradation during hydrodistillation and/or senescing of the plant material.
An extremely high content of terpenoids (92.1%) and the absence of fatty acid-derived compounds were found as the important features of G. kikianum essential oil. These results strongly support the hypothesis that essential oil rich taxa (oil yields much higher than 0.1%) are generally characterized by the specific production of mono-and sesquiterpenoids, and/or phenylpropanoids, while the main volatiles of essential oil poor species (yields less than 0. The content of total phenolic and flavonoid compounds in the residual water remaining after hydrodistillation of G. kikianum essential oil, measured using the Folin-Ciocalteu method [11] is shown in Table 2 . The content of total phenolic compounds in the residual water (100.2±1.7 mg GAE/g of dry extract) makes this plant a very rich resource of natural phenolics responsible for the total antioxidant capacity. Since formaldehyde reacts with flavonoids and condenses them, these condensed molecules can be removed by filtration, and the residual non-flavonoid phenolics can be analyzed by the F-C method. The amount of flavonoids is calculated as the difference between total phenolics and non-flavonoids [12] . The content of flavonoid compounds in this sample was 11.9±1.2 mg GAE/g of dry extract and it was almost eightfold lower in comparison with the total content of non-flavonoid compounds (88.2±2.4 mg GAE/g of dry extract).
The antioxidant activity of G. kikianum essential oil and residual water remaining after hydrodistillation was evaluated by the DPPH radical-scavenging test. Concentrations of essential oil components that cause 50% scavenging (IC 50 ) were calculated. IC 50 values ranged from 69.7±0.5 mg/mL for the essential oil and 0.20±0.03 mg/mL for residual water (butylated hydroxytoluene 0.21+0.01; thymol 1.9+0.04).
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The essential oil obtained from aerial parts of G. kikianum showed a relatively weak reactivity in scavenging the DPPH radical. This is reasonable since the essential oil did not show a high concentration of a potent antioxidant. Still, the effectiveness in reduction of the stable DPPH radical by G. kikianum essential oil is probably due to the cyclic ketone germacrone and the diterpene allylic alcohol phytol, present as the major oil constituents, and previously suggested as possible antioxidants [13] . In addition, antioxidant activity of the oil may be attributed to a mixture of sesquiterpene alcohols present in significant content (24.9%), and also identified as potential antioxidants [14] . According to the aforesaid authors, a certain degree of activity may be due to allylic alcohols and so the presence of -costol (3.6%) and 2-(7Z)-bisaboladien-4-ol (1.3%), alcohols having a hydroxyl group bonded to a carbon atom adjacent to a C=C double bond, may contributed to the observed antioxidant ability. The presence of available hydrogen atoms from allylic groups, similar to those of phenols, represents a good barrier against the oxidative process. Therefore, regarding the chemical complexity of G. kikianum essential oil, one can speculate that the antioxidant activity is mainly attributed to the high percentage of the main constituents, but also to the presence of other minor constituents or a synergy among different oil components.
The assessment of the DPPH radical scavenging capacity of these two samples demonstrated that most of the active compounds that showed significant antioxidant activity (IC 50 =0.20±0.03 mg/mL) occurred in the residual water after hydrodistillation of the stems and leaves of G. kikianum. This value is comparable with that obtained under the same conditions for BHT, renowned as one of the most widespread synthetic antioxidants (IC 50 =0.21±0.01 mg/mL), and even almost tenfold higher than that of thymol (IC 50 =1.90±0.04 mg/mL), a natural phenolic compound which possesses good antioxidant properties [15] . The prominent antioxidant activity of the residual water could be explained by a high content of phenolic compounds in this sample (100.2±1.7 mg GAE/g of dry extract). Flavonoids, which comprise 11.9±1.2 mg GAE/g of dry extract of the total content of soluble phenolics could especially be taken into account for the activity observed since these polyphenolic compounds were confirmed as powerful antioxidants in many studies in vitro [16] . Total phenolic and flavonoid content often correlates well with antioxidant capacity. It has been reported that phenolic compounds have an important antioxidant role as a good barrier against oxidative processes, and a positive correlation was observed between antioxidant potential and total phenolic and flavonoid levels of the extract [17] . The presented results on antioxidant activity of the residual water remaining after hydrodistillation of G. kikianum essential oil are in agreement with this fact, as well as with previously published results on antioxidant activity of various plant extracts isolated from species of Geranium [4, 18, 19a-c] . However, the compounds responsible for the bioactive properties of G. kikianum remain unclear and so a detailed study of the phenolic composition in plant extracts is necessary.
Experimental
Plant material and chemicals: The plant material was taken from plants cultivated in the Copenhagen Botanic Garden under accession number Kit Tan & G. Vold 30690. Once harvested, the plant material was dried at ambient temperature, in a shaded, wellventilated place. The plants had been collected from the foothills of Mt Taigetos in the southern Peloponnese, Greece, at moderate altitudes of 1400-1450 m. All reagents used were of the highest purity available and purchased from Sigma-Aldrich Chemical Company (Germany).
Sample preparation: Air-dried G. kikianum leaves and stems (10 g) were ground into small pieces and subjected to hydrodistillation for 2 h. The essential oil was extracted with dichloromethane, dried over anhydrous sodium sulfate, and stored at 4°C in the dark until analysis. For the GC/MS analysis a sample of essential oil was dissolved in dichloromethane, and for antioxidant assay in dimethyl sulfoxide (DMSO) in a concentration of 10.0 mg/mL. A sample of residual water obtained after hydrodistillation was prepared in a concentration of 1.0 mg/mL in distilled water. Thymol and butylated hydroxytoluene, BHT, were used as positive samples for the antioxidant assay, and prepared in the same way as the tested samples.
Gas chromatography-mass spectrometric analysis of essential oil:
Volatile compounds from the aerial parts of the plant were analyzed by GC-MS using a Hewlett-Packard 6890 Series II gas chromatograph fitted with a fused silica HP-5 (5% phenyl methyl siloxane) capillary column (30 m × 0.25 mm, 0.25 μm film thickness), coupled to a HP 6890 Series II mass selective detector (MSD). The column temperature was programmed from 60°C to 240°C at a heating rate of 3°C/min, and helium was used as carrier gas (1.1 mL/min). Other operating conditions were as follows: inlet pressure 9.43 psi, injector temperature 250°C, detector temperature 280°C, split ratio 1:25, injection volume 1 μL. A mass selective detector was operated in the electron impact mode, EI, at the ionization energy of 70 eV, with scan range 20-555 amu, and scan time 1.60 s.
The linear retention indices, RI, for all compounds were determined by the Kovats method by injection of the sample with a n-hexane solution containing a homologous series of C 8 -C 26 n-alkanes as standards [20] . The identification of the essential oil constituents was accomplished by the visual interpretation, comparing their retention indices and mass spectra with literature data [21] , by computer library search (HP Chemstation computer library NBS75K.L, NIST/EPA/NIH Mass Spectral Library 2.0 and Mass Finder 4 Computer Software -Essential Oils 4a), and with our laboratory own database. Compound concentrations (as % content) were calculated by integrating their corresponding chromatographic peak areas (TIC mode).
Total phenolic and flavonoid content:
The total content of phenolic compounds was determined by a colorimetric assay that utilizes Folin-Ciocalteu (F-C) reagent. Sample solution (1 mL) was diluted with 60 mL of distilled water, and 5 mL of F-C reagent, previously diluted 2 times, and mixed. After 30 s, and before 8 min, 15 mL of 20% sodium carbonate solution was added, and the obtained solution was diluted to 100 mL. Prepared samples were incubated for 2 h at room temperature, and the absorbance was measured at 765 nm. The data were calculated according to a standard curve of gallic acid (0.01-0.20 mg/mL), and expressed as gallic acid equivalents (GAE) per g of dry extract. All measurements were performed in triplicate.
The total content of flavonoid compounds was calculated as the difference between total phenolic and non-flavonoid contents according to Kramling and Singleton [12] . A 1.0 mL sample solution was mixed with 0.5 mL of diluted HCl (1:3) and 5 mL of an 8 mg/mL formaldehyde solution to obtain the flavonoid fraction. Flavonoids were separated by centrifugation (3000 rmp, 10 min), and the supernatant was collected, containing all phenolic compounds except flavonoids (non-flavonoid phenolics). The nonflavonoid phenolics content was determined in the filtrate using F-C reagent. The flavonoids content represents the difference between total phenolics and non-flavonoids content. 
